Background: There is a highly variable asymptomatic period of beta cell destruction prior to the clinical presentation of type1 diabetes. It is not well known what triggers type 1 diabetes to become a clinically overt disease. This explorative study aimed to identify the association between disease history/medication use and the clinical manifestation of type 1 diabetes.
Introduction
Type 1 diabetes is a chronic disease with a preclinical phase characterized by auto-immunity against pancreatic islet cells ultimately leading to absolute insulin deficiency [1] . Interactions between polygenetic susceptibility and one or more triggering environmental factors are assumed to provide the essential components for this T cell mediated auto-immune disease [2, 3] . While the occurrence of childhood diabetes was stable in the first half of the 20th century, in the second half there was a continuous increase in the prevalence and incidence of type 1 diabetes worldwide, despite genetic stability of the genes related to this disease [4] [5] [6] [7] [8] . This increase, therefore, is most likely related to changes in the occurrence of risk factors, both host related and environmental [6, [8] [9] [10] .
There have been several studies that focused on the host and environmental risk factors of type 1 diabetes during the prenatal life and early childhood. These studies have shown associations between developing type 1 diabetes and caesarean sections, preeclamptic toxemia, maternal age, birth weight, gestational age, infections, short breast feeding, early exposure to dietary cow's milk proteins and solid food, deficiency of vitamin D, exposure to toxins like N-nitroso compounds, and neonatal eczema [6, 8, [11] [12] [13] [14] [15] . Although a substantial number of drugs are known to induce hyperglycemia and therefore increasing the risk of diabetes, the influence of medication on the manifestation of type 1 diabetes has not been systematically studied yet [16, 17] .
Prior to the clinical presentation of type 1 diabetes there is a highly variable asymptomatic period of beta cell destruction, which can vary between a few months up to several years [18] . It is important to evaluate the triggering factors shortly before the presentation of overt disease thereby providing valuable information on lowering the risk of type 1 diabetes in genetically susceptible young people. As there is limited knowledge on the period before type 1 diabetes becomes a clinically overt disease [6] , the aim of this explorative study was to determine whether any association exists between the medication use/disease history in the year preceding the diagnosis of type 1 diabetes and the occurrence of this disease in children and young adults.
Methods

Data Source
Data for this study was obtained from the Dutch PHARMO Record Linkage System (RLS) (http://www.pharmo.nl) that comprises community pharmacy dispensing records linked to hospital admissions. Nowadays data from more than 4 million residents of the Netherlands (both rural and urban areas) are collected in the PHARMO RLS which is representative of the Netherlands [19, 20] . Information of these residents is recorded since 1986 and has been used in several pharmacoepidemiologic and outcome studies [20] . The drug dispensing records consist of data on the dispensed drug, the type of prescriber, the dispensing date, the amount dispensed, and the written dose instructions. Date of hospital admission and discharge, together with primary and secondary diagnoses, are recorded in the hospital records. Diagnoses are coded according to the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) (http://icd9cm.chrisendres.com), whereas the drugs are coded according to the Anatomical Therapeutic Chemical codes (ATC codes) (http://www.whocc.no/atc_ddd_index). Hospital diagnoses and drug exposures retrieved from the prescription records in PHARMO RLS have been validated in several studies [21] [22] [23] .
Study Design and Population
A case control study was conducted between January 1999 and December 2009. All patients younger than 25 years (including children, adolescents and young adults) with at least 2 insulin prescriptions (based on the ATC codes for insulin preparations (A10A) (http://www.whocc.no/atc_ddd_index)) were selected as potential cases. Either the date of first insulin prescription or first hospital admission for type 1 diabetes (based on the ICD-9-CM (http://icd9cm.chrisendres.com)) was selected as the index date. Patients were excluded in case of ever use of oral glucose lowering medications (in order to exclude potential cases of type 2 diabetes), or the use of glucagon prior to insulin (glucagon is usually prescribed in patients with diabetes for the management of hypoglycemia therefore for cases who had prescription of glucagon before insulin, the index date was not clear). For the comparative analysis, up to four controls without any prescription of glucose lowering medications were matched for each case by sex and year of birth at the index date (for 4 cases we only found 3 controls). Both cases and controls were eligible for inclusion in the study only if they had at least 12 months of exposure history before and 12 months follow-up after the index date. All patients with a history of cystic fibrosis (in order to exclude cystic fibrosis-related diabetes) and a history of malignant neoplasms before the index date were excluded from the study.
Risk Factors
All hospital admissions (based on ICD-9-CM) were identified in both cases and controls in the period 0-12 months prior to the index date. For some disease categories, there was no hospital admission record observed in the database in the period 0-12 months before the index date, therefore they were excluded from the study and analysis was conducted for the 18 remaining categories of the diseases. All codes used for defining these 18 disease categories are presented in table 1. Prescribed medicines were checked at different levels of ATC codes in the period 0-12 months prior to the index date as captured in the PHARMO RLS. Statistical Analysis
Proportions of different categories of hospitalizations and prescribed medicines prior to the index date were calculated for cases and controls. Conditional logistic regression appropriate for a matched study design was used to estimate the odds ratios (ORs) and corresponding 95% confidence intervals (CIs) for the association between the medication use/disease history and the occurrence type 1 diabetes. As this was an explorative study no corrections for type 1 error were applied for multiple comparisons [24] . Furthermore, effect modification by age and sex has been explored. All analyses were conducted using SPSS version 16.0 (SPSS Inc. Chicago, Illinois, USA).
Results
Of 1,423 patients with at least 2 insulin prescriptions and/or hospital admissions because of type 1 diabetes, 1,107 incident insulin users met the inclusion criteria. At the index date a total of 4,424 controls were matched to these cases by sex and year of birth ( Figure 1 ). The characteristics of the study population are displayed in table 2. The mean age at the index date was 11.8 years [SD 5.8] and 52% of all patients were boys. The majority of the patients with type 1 diabetes (41.5%) were in the 6 to 12 year old category (Table 2) . Table 3 gives the proportion of patients with hospital admissions in the period 0-12 months prior to the index date for the cases and controls. The total number of hospital admissions in this period was significantly higher in cases versus controls (OR 1.5; 95% CI 1.2-1.9). The strongest associations were observed for mental disorders (OR 8.0, 95% CI 1.5-43.7), anemia (OR 5.1, 95% CI 1.1-22.9), and disease of digestive system (OR 2.6, 95% CI 1.2-5.5) ( Table 3) .
Association between the History of Other Illnesses and Type 1 Diabetes
Association between the Medication Use and Type 1 Diabetes
The following drugs were significantly associated with the clinical manifestation of type 1 diabetes (in order of strength of association): ''systemic hormonal preparations, excluding sex hormones and insulins (H)'' (OR 1.7, 95% CI 1.1-2.6), ''blood and blood forming organs (B)'' (OR 1.6, 95% CI 1.1-2.6), ''alimentary tract and metabolism (A)'' (OR 1.3, 95% CI 1.1-1.6), and ''anti-infectives for systemic use (J)'' (OR 1.2, 95% CI 1.01-1.4) ( Table 4 ). The most frequently consumed drug categories in patients with type 1 diabetes 0-12 months prior to the index date were ''anti-infectives for systemic use (J)'' (25.5%), ''dermatologicals (D)'' (25.2%), ''respiratory system drugs (R)'' (22.0%), ''alimentary tract and metabolism drugs (A)'' (13.6%), ''sensory organs drugs (S)'' (10.0%), ''genito urinary system drugs and sex hormones (G)'' (9.2%), and ''nervous system drugs (N)'' (8.8%) ( Table 4) . Table 5 provides the proportions of cases and controls with drugs prescribed in the period 0-12 months prior to the index date. These medications are presented in the second (therapeutic main group) and third (therapeutic/pharmacological subgroups) levels of ATC codes. From ''alimentary tract and metabolism (A)'' category, ''antacids (A02A)'', ''drugs for peptic ulcer and gastroesophageal reflux disease (A02B)'', and ''drugs for functional gastrointestinal disorders (A03)'' were consumed significantly more often in patients with type 1 diabetes than controls. In the cardiovascular category of drugs (C), none of the subcategories were significantly associated with the clinical manifestation of type 1 diabetes. In the ''dermatological (D)'' group of drugs, ''antifungals for dermatological use (D01)'' were consumed significantly more often in the cases than controls. ''Gynecological anti-infectives and antiseptics (G01A)'' were significantly associated with the disease in cases. In the group H, ''thyroid preparations (H03A)'' were significantly associated with type 1 diabetes. Among anti-infectives for systemic use, proportion of subjects with a prescription for ''Antimycotics for systemic use (J02)'' was significantly higher in the cases than controls. No significant association between using vaccines and developing type 1 diabetes was found in this study (p = 0.746). ''Anxiolytics (N05B)'' were used 1.7 times more often in patients with type 1 diabetes. There were no differences between cases and controls in the proportion of ''ophthalmological (S01)'' and ''otological (S02)'' prescriptions.
Interaction with Age and Sex
Because of the low numbers of hospital admissions, it was not possible to check the interaction of age and sex with disease history. Regression analyses indicated that there were no significant interactions with sex and medication use at the first level of ATC codes (anatomical main group), but the interactions between age and drugs in the ATC group A (alimentary tract and Table 3 . Odds ratios comparing history of hospitalization in the cases (patients with type 1 diabetes) with the diabetes-free controls in the period 0-12 months prior to the index date. 
Discussion
This is the first explorative population-based case control study in which disease history (based on the hospital admission data) and drug exposures (based on the prescription data) were evaluated as potential short-term (up to 1 year) triggering factors for type 1 diabetes to become clinically overt in children and young adults. We did not limit our study population to children and adolescents because type 1 diabetes can occur at any age [9] . Our main findings demonstrate that the year prior to the presentation of overt type 1 diabetes in children and young adults, hospitalization for a substantial number of diseases and prescriptions of different drug categories were significantly more prevalent among patients with type 1 diabetes compared with diabetes-free controls. Furthermore, almost all other disease categories for which children were hospitalized such as asthma/COPD, renal/urinary disease, disease of skin and subcutaneous tissues, cardiovascular disorders, etc. (Table 3) , although not statistically significant, were positively associated with type 1 diabetes.
Our findings may provide some insight in the potential shortterm triggers for the manifestation of type 1 diabetes in children and young adults who are already, and sometimes for years, in a subclinical prodromal phase with diabetes-associated auto-antibodies and beta cell destruction. Such knowledge might be helpful to lower the risk of overt type 1 diabetes in children and young adults already known to be susceptible for this autoimmune disease based on e.g. a positive family history or genetic information. Prevention of certain diseases e.g. some infections or psychological stresses, and optimal treatment may prevent an increased metabolic state and thereby increased insulin requirements. Further research might reveal specific mechanisms and provide further insights into the quantitative risk by which specific diseases and drugs trigger the clinical manifestation of type 1 diabetes. Such studies might also focus on triggering risk factors that occur more than 1 year before the onset of type 1 diabetes. In addition, designing prospective observational studies for finding the environmental risk factors of type 1 diabetes e.g. TEDDY study (The Environmental Determinants of Diabetes in the Young) could benefit from our findings with taking disease history and medication use into account as potential environmental risk factors of type 1 diabetes [25, 26] .
Some of the diseases we reported as risk factors for type 1 diabetes in our study have already been published before. Examples are viral infections (at least 13 different viruses were implicated) [13] [14] [15] , gut problems (microbial flora, permeability and mucosal immunity) [15, 27] , celiac disease [13] , and severe psychological stress [28] . Even though some mechanistic explanations have been proposed, besides that for enterovirus infections, none of those theories are classified as certain [9] .
Some of the drugs which we found to be associated with type 1 diabetes are known to influence glucose tolerance and insulin secretion e.g. beta blockers, thiazide diuretics, niacin, corticosteroids, pentamidine, protease inhibitors, atypical antipsychotics [29] , calcium channel blockers, cyclosporine, phenytoin, lithium, beta adrenergic agonists, morphine, dapsone, nalidixic acid and rifampicin [30] . For a number of these drugs the mechanism by which this influence occurs has been disclosed. For instance, hypokalemia which induced by thiazides lowers the insulin secretion and corticosteroids enhance the gluconeogenesis, impair glucose uptake by cells and stimulate alpha cells in the pancreas (hyperglucagonemia) [29] . It can be questioned whether these mechanisms are relevant for type 1 diabetes, since type 1 diabetes is an end-stage insulitis which clinically manifests itself when less than 10-20% of the insulin-producing beta cells are still functioning [9] . The way drugs influence glucose tolerance can probably be neglected compared with the critical role of the proportion of functioning beta cells. We hypothesize that a general Table 4 . Odds ratios comparing medication use (anatomical main groups of ATC codes) in the cases (patients with type 1 diabetes) with the diabetes-free controls in the period 0-12 months prior to the index date. Environmental Risk Factors for Occurrence of T1D
PLOS ONE | www.plosone.org Table 5 . Odds ratios comparing medication use (therapeutic and pharmacologic subgroups of ATC codes) in the cases (patients with type 1 diabetes) with the diabetes-free controls in the period 0-12 months prior to the index date. The main strength of this study includes its population-based case control design without too many exclusion criteria. Routinely collected detailed data on medication use and hospital admissions reduced the probability of information bias. Also, the use of insulin as a proxy for type 1 diabetes is strong since the treatment of hyperglycemia is the only indication [32, 33] . We assumed that most of the insulin users in our study had type 1 diabetes, because we excluded patients who ever used oral blood glucose lowering medicines, had cystic fibrosis or malignancies in the year prior to the index date, and other types of diabetes needing insulin (e.g. Latent autoimmune diabetes in the adults (LADA) and mitochondrial diabetes, etc.) have low prevalences compared with type 1 diabetes [34, 35] . Therefore misclassification of type of diabetes is probably a minor problem.
Similar to other studies based solely on administrative databases, there are several limitations that must be recognized. It is possible that our results underestimated the prevalence of a number of comorbidities which did not result in hospitalization. While there may be misclassification of drugs and diseases, several studies have validated the exposure of drugs retrieved from the prescription records in the Netherlands and some of the hospital diagnoses have been validated [21] [22] [23] . Furthermore, information on drugs used in hospitals and over the counter drugs was not available in the current study. Although the PHARMO RLS covers almost 24% of the Dutch population, still the numbers of several drug exposures and hospital admissions were relatively low leading to statistical power problems. Although cases and controls were matched on age and sex, other potential confounding factors like genetic related risk factors, autoimmune antibodies and family history of type 1 diabetes were not available. We cannot rule out that children in the preamble period of the clinical presentation of type 1 diabetes more often visit doctors with an increased chance of identification of diseases and drug prescriptions (ascertainment bias). Finally, there is the problem of multiple comparisons that increases the chance for type 1 errors (false positive findings). However, since this is an explorative study and the general picture is that most diseases and drugs are risk factors for type 1 diabetes we do not think it is necessary to control the family wise error rate (e.g. Bonferroni correction) [24] .
In conclusion, it appears that a substantial number of diseases and drugs or the underlying diseases for which these drugs were prescribed were significantly more prevalent among patients who eventually developed type 1 diabetes compared with diabetes-free controls. This knowledge may stimulate further research directed at the prevention of the occurrence and the optimal treatment of these conditions in children and young adults who are susceptible for type 1 diabetes. 
